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Table 2
Peri-articular bone measures are different among knees with increasing medial meniscal maceration regions
Medial Meniscal Maceration p-values
Overall Individual Comp. (Tukey Adj.)
0(N ¼ 389) 1 (N ¼ 45) 2/3 (N ¼ 30) AN OVA Ov. 1 1 v. 2/3
Age (years) 63.47( 9.16) 67.76 ( 7.49) 65.40 ( 10.13) 0.008 0.01 0.51
BMI (kg/m2) 29.53 ( 4.65) 29.53 ( 4.79) 28.95 ( 4.22) 0.80 N/A N/A
Systemic BMD 0.96 ( 0.14) 0.99 ( 0.17) 1.01 ( 0.18) 0.11 N/A N/A
M:L paBMD 1.10 (0.14) 1.23 (0.14) 1.24 ( 0.18) <0.0001 <0.0001 0.99
a. BV/TV 0.10 ( 0.06) 0.15 ( 0.09) 0.15 ( 0.10) <0.0001 <0.0001 0.99
a.Tb.N (mm1) 0.75 ( 0.35) 1.01 ( 0.36) 0.99 ( 0.42) <0.0001 <0.0001 0.96
a.Tb.Th (mm) 0.12 ( 0.02) 0.14 ( 0.03) 0.14 ( 0.03) <0.0001 <0.0001 0.99
a.Tb.Sp (mm) 1.78 ( 1.40) 1.08 ( 0.61) 1.14 ( 0.62) 0.0003 0.005 0.98
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For ANOVAs that were statistically signiﬁcant, individual pairwise
comparisons with Tukey adjustments were performed on each set of
adjacent cells (i.e. 0 vs. 1, 1 vs. 2/3).
Results: Among 464 knees, 114 (25%) knees had no medial meniscal
pathology, 350 (75%) knees had medial meniscal pathology; including
75 (16%) knees with medial meniscal maceration in at least one region.
Knees with medial meniscal pathology were older and had peri-artic-
ular medial tibiae with greater M:L paBMD, a.BV/TV, a.Tb.N, and a.Tb.Th
compared to knees without medial meniscal pathology (Table 1). Those
knees with more medial meniscal maceration regions had similar
ﬁndings in the peri-articular medial tibia including greater M:L paBMD,
a.BV/TV, a.Tb.N, and a.Tb.Th; also the a.Tb.Sp was lower (Table 2).
Conclusions: The presence of medial meniscal pathology is associated
with peri-articular bone measures in the medial tibia that could be
consistent with remodeling ormicrotrauma.Medial meniscal pathology
may lead to periarticular bone changes. Longitudinal studies of earlier
OA are needed to test this possibility.
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3D FEATURE SEVERITY MAPPING OF THE HIP WITH COMPUTED
TOMOGRAPHY REVEALS PATTERNS OF RADIOLOGICAL
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Purpose: Radiographs are limited in the assessment of hip osteoar-
thritis by their 2D planar output, which can overlook early disease
features and their overall 3D distribution. We present a new approachFigure 1. 3D feature severity mapping of the proximal femur for osteophyte severity
scores 1-3, Sectors in grey were excluded from the analysis (fovea and anterior reaction
area). Only the most severe feature score from each hip contributes to the maps
according to its severity, nmax ¼ the number of hips in the most frequent sector for
a given score (asterisked), ntotal ¼ the total number of hips with that score. Sectors are
shaded from white to red as a proportion of the nmax sector, thus representing the
severity distribution in 3D. An additional 82 hips had a severity score of 0.to assessing bony features of hip osteoarthritis with computed
tomography (CT), a process we have called ‘feature severity mapping’.
Methods: Clinical CT imaging of 456 hips from 230 female volunteers
(mean age 6617 yrs) were reviewed with standardised multiplanar
reformats to record osteophytes, subchondral cysts and joint space
width (JSW). A single reviewer used a novel topographic score-sheet to
register the location and severity of each feature (scored 0-3). After data
collection, a cumulative 3D ‘feature severity map’ of the proximal femur
was created to display the locations of most severe scores from each
individual.
Results: Osteophytes (deﬁnite in 52.2%) occurredmost frequently at the
inferoposterior and superolateral femoral head-neck junction across all
scores (ﬁgure 1).
Subchondral cysts (deﬁnite in 15.8%) were less common and more
scattered. Categorical JSW <1.5mm was recorded in at least one sector
of 82.9% of hips, most frequently in the posterior joint space.
Conclusion: This 3D analysis sheds new light on key regions of disease
in hip osteoarthritis. Frequent osteophyte occurrence at the supero-
lateral femoral head-neck junction corresponds with an established site
of impingement-related degeneration. Concordance of osteophyte and
joint space narrowing predominance at the posterior joint is a new
ﬁnding that suggests this region is important in disease development.
Further investigation is required to elucidate the biomechanical
mechanisms responsible for these ﬁndings. This work has also provided
the foundation for the development of a novel CT grading system for hip
osteoarthritis.360
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Purpose: Clinical trials are in desperate need of imaging biomarkers
that can predict the onset and progression of osteoarthritis (OA). While
MRI has advantages in the assessment of soft tissue components and
radiography is more easily accessible, computed tomography (CT) has
the potential to detect bony features of disease in 3D with greater
sensitivity and accuracy. Here we present the construction, reliability
and disease prevalence from a new CT grading system of hip OA.
Methods: In a previous study, we had developed a CT method for 3D
mapping of radiological OA features from themultiplanar assessment of
456 hips in 230 female participants (mean age 6617 yrs). We subse-
quently created a novel composite hip OA score (0-7) from a weighted
interpretation of disease features: osteophytes (0-3), subchondral cysts
(0-1), and JSW (0-3). A hip OA grading system was then derived from
the composite score (0-2 ¼ ‘none’; 3-4 ¼ ‘developing’; 5-7 ¼
‘established’).
We performed a reproducibility study to test reliability, with two
observers assessing 30 anonymised cases (60 hips in total), re-rando-
mised and re-assessed after a 1-month interval. Intra- and inter-
observer weighted kappa and overall percentage agreement were
calculated for feature scores, composite score and ﬁnal grade. Disease
prevalence was calculated according to the rate of ‘established’ grade
per individual (out of 456) and per hip (out of 230).
Results: Intra-observer weighted kappa statistic (95% CI) was
substantial for both composite OA score (0.76, 0.48-1.00) and OA grade
